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I INTRODUCTION
This technical report contains some preliminary results of a theoretical study of precursor effects in electromagnetic shock tubes.
The study was initiated to supplement the experiment work on electromagnetic shock tubes that is being conducted in the Electromagnetic Sciences Laboratory here at SRI.
Precursor ionization ahead of the first shock in electromagnetic shock tubes has been widely observed.
A much less widely observed phenomenon is that of a fast luminous front preceding the first shock.
The exact relationship between ' these two phenomena has yet to be established. This report deals primarily with results obtained on the fast luminous fronts, but the theory suggested for the luminous fronts also accounts for the precursor ionization that results from the driving di scharge.
Fast luminous fronts have been observed to precede the first shock wave in electromagnetic shock tubes. Josephson and Hales 1 noted a faintly luminous front in deuterium that traveled at speeds between 30
and 120 cm/^sec at ambient pressures between 0.1 and 2.5 mm Hg. A conical shock tube was driven by a 3.2 ßi capacitor charged to 24 kv. They speculated on the possibility that the front was due to deuterons that were accelerated to kilovolt energies by instabilities occurring in discharge. Medford, Powell, and Fletcher 2 also observed a luminous front moving ahead of the first shock in deuterium. The speed of the first front was 5 cm/^sec at an ambient pressure of 4 mm Hg. Energy for their shock tube was supplied by a lO-^tf capacitor charged to 10 kv. They concluded that this front had the properties of a weak fl-type ionization front.
In the terminology of fluid dynamics, such a front is classified as a weak detonation front. Paxton and Fowler 6 consider the propagation of luminosity fronts associated with the electrical breakdown of a gas. A breakdown wave front was treated as an electron shock wave. They presumed that near the electrode where the potential gradient in the gas is greatest, ionization of a small quantity of gas occurs and that the electrons produced are given kinetic energy by the electric field. The resulting localized high-temperature electron gas is considered to expand rapidly, thus producing an electron shock wave which propagates into the ambient gas, partially ionizing the overrun neutral gas molecules. An inconsistency in their paper results from the statement that "the energy necessary for driving the shock wave is given directly to the electrons in the shock zone by the external field;" actually their treatment
II CRITICISM OF PAXTON-FOWLER THEORY
indicates -as they later state explicitly -that there is only a secondary dependence of the propagation speed on the diiect effect of the electric field.
The primary driving mechanism in their treatment is the partial pressure of high-temperature electrons behind the front.
They use a one-dimensional, steady-state, three-fluid, hydrodynamical model assuming that the electron pressure is much greater than the partial pressures of the other species, that there is no electrical current, and that there is negligible heat flow. The principal criticism of their paper lies in their treatment of the zero electrical current assumption. As a first-order condition their assumption seems quite reasonable, but they express this condition as follows: 
Ill FIRST-ORDER IONIZATION-FRONT THEORY
An alternative method that appears promising for the treatment of both breakdown waves and precursor waves is to treat these phenomena as ionization fronts, as suggested by Medford, Powell and Fletcher.
2 To first order, the luminous front preceding a shock wave in an electromagnetic shock tube will be considered to be the same as a breakdown wave in a gaseous electrical discharge. It is assumed that the breakdown initiates at the electrode with the greatest potential gradient and that a localized region of hot ionized gas is formed. Ionizing radiation from this hot gas is assumed to be the primary driving mechanism for an ionization front that moves out from the hot gas. It is further assumed that to first order there is no electrical current; hence, a single-fluid model will be used.
Consider a one-dimensional picture. Monochromatic ionizing radiation is coming from the negative x-direction and is being absorbed at the ionization front. An ionization front consists of a comparatively thin photoabsorbing region situated between transparent ionized gas behind the front and opaque un-ionized gas ahead of the front. The front moves in the positive x-direction into the un-ionized gas at a velocity, V 0 , that is determined by the intensity of the ionizing radiation.
The ratio of specific heats will be taken to be 5 /3 (i.e., monatomic molecules are assumed), so the speed of sound, c 0 , in the ambient gas is 1(5 p 0 )/(3 p 0 )] where p 0 is the ambient pressure and p 0 is the ambient density. The one-dimensional fluid-dynamic equations for transfer of mass, momentum, and energy in the rest frame of the f.ront are 
where a is the absorption coefficient and nJO is the number density of neutral molecules.
Using the boundary condition J{-<v) ■ J 0 gives
Let the ambient density of neutral molecules be n 0 ■ n n P) and 
